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Educational level and stroke mortality: a comparison of 10
European populations during the 1990s
Abstract
BACKGROUND AND PURPOSE: Variations between countries in occupational differences in stroke
mortality were observed among men during the 1980s. This study estimates the magnitude of
differences in stroke mortality by educational level among men and women aged >or=30 years in 10
European populations during the 1990s. METHODS: Longitudinal data from mortality registries were
obtained for 10 European populations, namely Finland, Norway, Denmark, England/Wales, Belgium,
Switzerland, Austria, Turin (Italy), Barcelona (Spain), and Madrid (Spain). Rate ratios (RRs) were
calculated to assess the association between educational level and stroke mortality. The life table
method was used to estimate the impact of stroke mortality on educational differences in life
expectancy. RESULTS: Differences in stroke mortality according to educational level were of a similar
magnitude in most populations. However, larger educational differences were observed in Austria.
Overall, educational differences in stroke mortality were of similar size among men (RR, 1.27; 95% CI,
1.24 to 1.30) and women (RR, 1.29; 95% CI, 1.27 to 1.32). Educational differences in stroke mortality
persisted at all ages in all populations, although they generally decreased with age. Eliminating these
differences would on average reduce educational differences in life expectancy by 7% among men and
14% among women. CONCLUSIONS: Educational differences in stroke mortality were observed across
Europe during the 1990s. Risk factors such as hypertension and smoking may explain part of these
differences in several countries. Other factors, such as socioeconomic differences in healthcare
utilization and childhood socioeconomic conditions, may have contributed to educational differences in
stroke mortality across Europe.
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Educational Level and Stroke Mortality
A Comparison of 10 European Populations During the 1990s
Mauricio Avendaño, MPH; Anton E. Kunst, PhD; Martijn Huisman, MSc; Frank van Lenthe, PhD;
Matthias Bopp, PhD; Carme Borrell, PhD; Tapani Valkonen, PhD; Enrique Regidor, PhD;
Giuseppe Costa, PhD; Angela Donkin, PhD; Jens-Kristian Borgan, PhD; Patrick Deboosere, MSc;
Sylvie Gadeyne, MSc; Teresa Spadea, MPhil; Otto Andersen, PhD; Johan P. Mackenbach, PhD
Background and Purpose—Variations between countries in occupational differences in stroke mortality were observed
among men during the 1980s. This study estimates the magnitude of differences in stroke mortality by educational level
among men and women aged 30 years in 10 European populations during the 1990s.
Methods—Longitudinal data from mortality registries were obtained for 10 European populations, namely Finland,
Norway, Denmark, England/Wales, Belgium, Switzerland, Austria, Turin (Italy), Barcelona (Spain), and Madrid
(Spain). Rate ratios (RRs) were calculated to assess the association between educational level and stroke mortality.
The life table method was used to estimate the impact of stroke mortality on educational differences in life
expectancy.
Results—Differences in stroke mortality according to educational level were of a similar magnitude in most populations.
However, larger educational differences were observed in Austria. Overall, educational differences in stroke mortality
were of similar size among men (RR, 1.27; 95% CI, 1.24 to 1.30) and women (RR, 1.29; 95% CI, 1.27 to 1.32).
Educational differences in stroke mortality persisted at all ages in all populations, although they generally decreased
with age. Eliminating these differences would on average reduce educational differences in life expectancy by 7%
among men and 14% among women.
Conclusions—Educational differences in stroke mortality were observed across Europe during the 1990s. Risk factors such
as hypertension and smoking may explain part of these differences in several countries. Other factors, such as
socioeconomic differences in healthcare utilization and childhood socioeconomic conditions, may have contributed to
educational differences in stroke mortality across Europe. (Stroke. 2004;35:432-437.)
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Research has shown that individuals with a low socioeco-nomic status experience higher stroke mortality than
those with a high socioeconomic status.1–8 During the 1980s,
relatively small occupational differences in stroke mortality
were observed in most Nordic countries (Sweden, Norway,
and Denmark), Italy, and Spain, whereas larger differences
were reported in England/Wales, Ireland, and Finland.1 How-
ever, it is not known whether these international variations
persisted into the 1990s.
Welfare and healthcare systems vary across European
countries.9,10 Similarly, the magnitude of socioeconomic
differences in the prevalence of risk factors for stroke such
as hypertension,11 smoking,12 and diet13 varies by country.
Research on intercountry variation can contribute to the
identification of risk factors and policies through which the
excess stroke mortality among lower socioeconomic
groups can be reduced. This would in turn contribute to an
overall reduction in stroke mortality across Europe.
The aim of this report is to assess stroke mortality
differences according to educational level across Europe
during the 1990s. Previous studies were limited to middle-
aged men and based on cross-sectional data for some
countries.1 This is the first longitudinal study of the
association between educational level and stroke mortality
in 10 European populations among men and women aged
30 years. This is also the first study to assess the impact
of stroke mortality on educational differences in life
expectancy, providing a broader public health perspective.
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Subjects and Methods
Data and Subjects
Longitudinal data on mortality by educational level, sex, and 5-year
age group were obtained for 10 European populations. Participants
were enumerated during a census in the early 1990s and followed up
for different periods (Table 1). Most studies covered the entire
national population, except Madrid (regional), Barcelona and Turin
(urban), Switzerland (population living in German-speaking areas),
and England/Wales (1% representative sample of the population).
Studies included individuals aged 30 years (age specified at the
start of follow-up), except in Denmark, where data on education
were not available for those aged 70 years.
Educational level was used as an indicator of socioeconomic
status. In contrast to occupational class, this indicator can be applied
equally to both men and women and is more comparable between
age groups.14,15 Education is considered a more reliable indicator of
socioeconomic status among the elderly because it includes the large
proportion of economically inactive individuals that would be
excluded when occupational class is used.15 Educational level is also
more comparable between European countries and more stable over
time than other indicators such as occupational class and income.14,15
Educational level was first coded according to national classifica-
tion schemes. To enhance comparability between countries, educa-
tion was subsequently reclassified into 3 equivalent categories so that
the proportion of individuals with a low educational level was similar
across populations. These groups approximately corresponded to
levels 0 to 2 (preprimary, primary, and lower secondary education),
3 (upper secondary education), and 4 to 6 (postsecondary education)
of the United Nations Education, Scientific, and Cultural Organiza-
tion (UNESCO) Standard Classification scheme. In most countries,
approximately 65% to 80% of the population had a low educational
level, 15% to 30% had a middle level, and 10% to 15% had a high
educational level.
Stroke (cerebrovascular disease) was defined as code numbers 430
to 438 of the International Classification of Diseases, Ninth Revi-
sion, except in Denmark and Switzerland, where both International
Classification of Diseases, Eighth Revision (430 to 438) and Inter-
national Statistical Classification of Diseases, 10th Revision (I60 to
I69) codes were used.
Methods of Analyses
Age-standardized stroke mortality rates were calculated for sex and
education strata distinguishing 3 age groups: 30 to 59, 60 to 74, and
75 years. Rates were standardized by 5-year age groups by the
direct method with the European population of 1995 as the stan-
dard.16 Age-adjusted rate ratios (RRs) were calculated by Poisson
regression. This summary index compared the mortality rate of the
low education group with the combined rate of the middle/high
education group, with the latter used as the reference category. These
2 upper levels were combined to obtain more precise estimates,
given the small size of these education groups. Analyses were
performed with the use of SAS, version 6.12.
To estimate the impact of eliminating educational differences in
stroke mortality on educational differences in life expectancy at age
30 years, the cause-elimination life table method was applied. First,
the difference in life expectancy between the low and middle/high
education groups was calculated. This was compared with predicted
differences in life expectancy, as they would have been if the low
education group had the same stroke mortality rate of the middle/
high education group.
Analyses were performed separately for each population and for a
pooled data set weighted on the size of each cohort. This was done
to take into account differences in population size in the pooled
analysis.
Results
The age-standardized stroke mortality rates among men and
women with low education were higher than the mortality
rates among those with a middle or high educational level in
all populations (Tables 2 and 3, respectively). This pattern
was consistent in all age groups. A clear educational gradient
was generally observed among middle-aged men and women,
although this was less consistent among the younger and
older age groups in some populations.
Results shown in Figure 1 indicate that men and women
with a low educational level had significantly higher mortal-
ity rates than those with a middle/high educational level.
Educational differences in stroke mortality were of a similar
magnitude in most populations. However, in Austria, differ-
ences were larger than the European average among both men
and women, although this difference was only statistically
significant among women. Overall, men and women with a
low educational level had approximately a 26% to 28%
higher risk of dying from stroke than those with a middle/
high educational level.
Differences in stroke mortality according to educational
level were similar among men (RR, 1.27; 95% CI, 1.24 to
1.30) and women (RR, 1.29; 95% CI, 1.27 to 1.32) (Figure 1).
Although in most populations educational differences in
stroke mortality were somewhat larger among women than
among men, these variations were generally small and not
significant.
Figure 2 shows the RRs for stroke mortality rates in low
compared with middle/high education groups for each age
category. Because results were similar for men and women,
RRs were calculated for both groups combined. Differences
in stroke mortality between education groups were generally
present in all age groups (Figure 2). However, differences
decreased with age in most populations and in Europe as a
whole. RRs in the pooled analysis were 1.52 (95% CI, 1.45 to
1.59) among those aged 30 to 59 years, 1.37 (95% CI, 1.33 to
1.41) among those aged 60 to 74 years, and 1.19 (95% CI,
1.17 to 1.21) among those aged 75 years. A sharper decline
with age was observed in Norway, Austria, and Barcelona. In
contrast, in England/Wales, Turin, and Madrid, educational
differences did not decrease consistently with age. However,
in all populations, absolute rate differences increased with
TABLE 1. Follow-Up Period, Number of Person-Years at Risk,
and Stroke Deaths Among Men and Women Aged >30 Years
Population
Follow-Up
Period
No. of Person-Years
No. of Stroke
Deaths
Men Women Men Women
Finland 1991–1995 6 758 254 7 690 004 10 245 16 824
Norway 1990–1995 5 622 530 6 106 085 10 822 15 463
Denmark* 1991–1995 6 157 669 6 242 145 3 111 2 458
England/Wales 1991–1996 796 618 894 517 1 336 2 298
Belgium 1991–1995 13 047 398 14 587 998 18 050 28 309
Switzerland 1991–1995 5 673 634 6 747 784 7 118 10 541
Austria 1991–1992 2 092 646 2 459 626 3 520 6 356
Turin 1991–1996 1 276 242 1 532 676 2 563 3 672
Barcelona 1992–1996 2 263 963 2 798 811 3 505 5 497
Madrid 1996–1997 2 047 073 2 398 763 1 389 2 156
*Data available for ages 30–69 years only.
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TABLE 2. Age-Standardized Stroke Mortality Rates (per
100 000 Person-Years) by Educational Level Among Men Aged
30 –59, 60–74, and >75 Years
Population
Standardized Mortality Rate
30 –59 Years 60–74 Years 75 Years
Finland
Low 40.8 368.5 1766.4
Middle 30.6 318.5 1609.5
High 19.2 260.7 1612.1
Norway
Low 19.9 295.3 1931.2
Middle 7.0 215.2 1686.3
High 7.8 164.4 1712.5
Denmark
Low 22.5 135.2* NA†
Middle 19.9 114.9* NA†
High 15.9 108.4* NA†
England/Wales
Low 23.3 275.8 1843.7
Middle 18.5 196.3 1268.1
High 20.3 135.0 1669.0
Belgium
Low 19.8 249.3 1551.1
Middle 13.6 207.6 1409.3
High 11.2 175.5 1201.6
Switzerland
Low 14.1 218.8 1396.3
Middle 8.9 153.8 1232.2
High 6.6 125.7 1146.6
Austria
Low 19.8 266.1 1825.8
Middle 10.9 159.3 1310.0
High 6.0 162.7 1676.3
Turin
Low 20.8 294.9 2561.2
Middle 15.5 216.2 2058.2
High 18.5 163.2 2054.2
Barcelona
Low 23.7 199.6 990.4
Middle 11.3 163.8 771.7
High 13.7 148.6 989.9
Madrid
Low 8.8 104.4 739.6
Middle 7.1 111.6 675.7
High 7.2 100.2 454.9
All populations
Low 21.3 259.1 1608.6
Middle 14.7 189.3 1286.2
High 11.9 156.5 1271.2
*Men aged 60–69 years.
†Not available.
TABLE 3. Age-Standardized Stroke Mortality Rates (per
100 000 Person-Years) by Educational Level Among Women
Aged 30–59, 60–74, and >75 Years
Population
Standardized Mortality Rate
30 –59 Years 60–74 Years 75 Years
Finland
Low 22.5 250.0 1758.3
Middle 15.6 190.2 1573.4
High 10.0 138.9 1334.6
Norway
Low 12.8 194.3 1747.2
Middle 6.1 127.8 1530.9
High 5.9 163.8 1470.1
Denmark
Low 18.1 94.3* NA†
Middle 14.8 71.9* NA†
High 11.2 65.8* NA†
England/Wales
Low 19.2 222.9 1772.7
Middle 9.5 200.3 1426.7
High 0.0 103.3 1605.1
Belgium
Low 13.6 172.1 1400.8
Middle 9.1 122.9 1180.4
High 8.2 95.2 1170.6
Switzerland
Low 8.2 114.0 1133.9
Middle 6.1 79.4 964.9
High 3.4 77.6 851.4
Austria
Low 12.4 157.4 1710.6
Middle 8.6 91.7 1152.7
High 2.3 81.0 1254.5
Turin
Low 12.1 175.8 1870.1
Middle 8.3 141.9 1368.9
High 10.1 129.0 1656.8
Barcelona
Low 10.8 115.2 971.6
Middle 4.4 64.1 742.2
High 9.8 95.6 786.0
Madrid
Low 6.4 55.9 666.0
Middle 3.5 33.5 596.5
High 4.7 55.6 516.2
All populations
Low 13.6 168.7 1433.6
Middle 9.2 115.0 1145.7
High 7.5 103.7 1051.3
*Women aged 60–69 years.
†Not available.
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age and were largest among those aged 75 years (Tables 2
and 3, respectively).
Differences in life expectancy at age 30 years between low
and middle/high education groups were on average 3.22 years
among men and 2.18 years among women (Table 4). Elimi-
nating educational differences in stroke mortality would on
average reduce educational differences in life expectancy by
7% (0.24 years) among men and 14% (0.31 years) among
women. The largest reduction would be achieved among both
men and women in Turin (9% and 18%, respectively) and
Austria (7% and 18%, respectively), as well as among men in
Norway (7%) and England/Wales (7%).
Discussion
Differences in stroke mortality between education groups
were of a similar magnitude across populations. Larger
disparities were, however, observed in Austria. Educational
differences in stroke mortality were similar among men and
women and generally decreased with age. Eliminating differ-
ences in stroke mortality between education groups would on
average reduce disparities in life expectancy by 7% among
men and 14% among women.
Evaluation of Data
Some limitations of this study should be considered. First,
countries might differ in the practices and accuracy of death
registrations, which might have influenced results for some
countries. However, our results would only be biased if
misclassification of stroke occurred differentially across ed-
ucational levels. There is no evidence to suggest that this has
occurred in any of the countries. Therefore, any bias caused
by this problem is likely to be small.
Second, national education levels were reclassified so that
the proportion of participants with low education was similar
across countries. This was not possible in Switzerland, where
a larger proportion of participants had a high educational
level. However, as this was possible in most populations,
educational levels were generally comparable across coun-
tries. Nevertheless, low education groups were relatively
large in each country. We do not know whether similar results
would be observed if this group was divided into more
specific levels.
Finally, we assessed whether data problems might explain
the results for Austria. However, such problems were not
identified. Although the follow-up period was shorter in
Austria and Madrid, previous evaluations indicate that mor-
tality differences by education are unrelated to follow-up
time.17 Instead, the pattern for Austria might resemble that of
Middle European countries such as the Czech Republic and
Hungary, where socioeconomic differences in stroke mortal-
ity were larger than in Western Europe.7,17
Comparison With Previous Studies
In contrast to previous research during the 1980s among
men,1 we found similar educational differences in stroke
mortality across Europe. Populations with small occupational
differences during the 1980s, such as Turin, Spain, and most
Nordic countries, had educational disparities similar to those
of other populations during the 1990s. Similarly, whereas the
largest disparities were observed in Finland during the 1980s,
these were around the European average in our study. These
discrepancies might be explained by improvements in the
quality of our data, which comprised broader age groups.
Previous studies in some countries used cross-sectional data
in which the number of deaths was not directly linked to data
on the population at risk. These studies might also have been
biased by the use of occupational class as a result of the
exclusion of economically inactive men.15,17
Figure 1. Stroke mortality: RR between low
and middle/high educational levels among
men and women aged 30 years. Fin indi-
cates Finland; Nor, Norway; Den, Denmark;
Eng, England/Wales; Bel, Belgium; Swi, Swit-
zerland; Aus, Austria; Tur, Turin (Italy); Bar,
Barcelona (Spain); and Mad, Madrid (Spain).
*Data available for ages 30 to 69 years only.
Figure 2. Stroke mortality: RR between low
and middle/high educational levels among
both men and women aged 30 to 59, 60 to
74, and 75 years. Fin indicates Finland; Nor,
Norway; Den, Denmark; Eng, England/Wales;
Bel, Belgium; Swi, Switzerland; Aus, Austria;
Tur, Turin (Italy); Bar, Barcelona (Spain); and
Mad, Madrid (Spain). *Data available for ages
30 to 69 years only.
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Furthermore, different mechanisms might account for the
effect of educational level and occupational class.14,15
Whereas education might influence mortality primarily
through factors such as health behavior, occupation might
also represent exposure to the psychosocial and physical
dimensions of work arrangements.14 Finally, widening socio-
economic differences in stroke mortality in some southern
European countries3 may have contributed to a more homo-
geneous international pattern during the 1990s.
Explanation of Results
Hypertension is the most important risk factor for stroke. A
higher hypertension prevalence has been observed in North-
ern countries such as Finland and England compared with
Mediterranean states.18 However, socioeconomic differences
in hypertension prevalence have been reported both in North-
ern11 and Southern European populations.19,20 Despite differ-
ences between countries in treatment guidelines, a recent
study found small variations in hypertension treatment rates,
with somewhat higher rates in Italy and lower rates in Finland
and England.18 On average, only 8% of hypertensive individ-
uals had their condition controlled in Europe.18 Furthermore,
a higher prevalence of poor hypertension treatment has been
observed among low socioeconomic groups.20 These findings
suggest that educational differences in hypertension preva-
lence and treatment may partly explain the association be-
tween educational level and stroke mortality observed in our
study.
Relatively high smoking prevalence rates have been ob-
served among men in Denmark, Spain, and Italy.12 However,
socioeconomic differences in smoking prevalence have only
been observed in Northern States, whereas small or no
disparities have been reported in Southern European coun-
tries.12 Dietary factors such as salt and fat intake are also
important risk factors for stroke. Socioeconomic differences
in dietary patterns have been reported in Nordic countries,21,22
the United Kingdom,13 Austria,23 and Switzerland.24 How-
ever, no socioeconomic differences in diet have been ob-
served in Southern Europe.13 Although a higher prevalence of
obesity has been reported in Italy and Spain compared with
other countries,25 consistent socioeconomic differences in
obesity prevalence have been observed among women across
Europe.13,19 This may have contributed to educational differ-
ences in stroke mortality among women, although this pattern
is less consistent among men.13,19 In summary, these classic
risk factors may have contributed to educational differences
in stroke mortality in several countries.
However, research indicates that classic risk factors ex-
plain less than half of socioeconomic differences in stroke.6,26
This suggests that other factors, such as access to healthcare,
may have played a role. Socioeconomic differences in health-
care utilization among stroke patients have been observed
even in countries with universal healthcare systems such as
Finland4 and Sweden.8 A recent study found similar socio-
economic disparities in access to specialist care in most
European countries,9 including Italy, Spain, Belgium, the
United Kingdom, and Denmark. Inequity in the utilization of
both general practice and specialist care has been observed in
Finland10 and Austria.9 Thus, socioeconomic differences in
healthcare access existed in most countries during the 1990s,
which possibly contributed to educational differences in
stroke mortality across Europe.
Finally, research indicates that childhood socioeconomic
status is related to stroke.2,5 Education is typically completed
early in life and can therefore be considered a marker of
childhood socioeconomic conditions.14,15,27 Thus, early life
circumstances may have contributed to educational differ-
ences in stroke mortality during adulthood across Europe.
However, the extent to which this applies to all populations
remains uncertain.
Implications
This study supports previous research and provides further
evidence of higher stroke mortality rates among individuals
with a low level of education. Improving the unfavorable risk
profile among these groups can therefore lead to an overall
reduction in stroke mortality. However, the contribution of
factors such as smoking and diet may differ across popula-
TABLE 4. Impact of Eliminating Educational Differences in Stroke Mortality on Educational
Differences in Life Expectancy at Age 30 Among Men and Women
Population
Men Women
Differences
in LE, y
LE Differences
After
Elimination, y
Reduction in
Years (%)
Differences
in LE, y
LE Differences
After
Elimination, y
Reduction in
Years (%)
Finland 3.68 3.49 0.19 (5) 2.37 2.09 0.28 (12)
Norway 3.59 3.34 0.25 (7) 2.45 2.19 0.26 (11)
England/Wales 3.27 3.05 0.22 (7) 2.26 2.00 0.26 (11)
Belgium 3.31 3.16 0.15 (5) 2.43 2.20 0.23 (9)
Switzerland 3.84 3.68 0.16 (4) 1.86 1.67 0.19 (10)
Austria 4.19 3.89 0.30 (7) 2.31 1.89 0.42 (18)
Turin 2.57 2.34 0.23 (9) 1.78 1.46 0.32 (18)
Barcelona 4.02 3.83 0.19 (5) 2.67 2.40 0.27 (10)
Madrid 2.41 2.32 0.09 (4) 1.37 1.20 0.17 (12)
All 3.22 2.98 0.24 (7) 2.18 1.87 0.31 (14)
LE indicates life expectancy.
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tions, and therefore different interventions may be required
for each country. Furthermore, policies that tackle inequity in
healthcare access and hypertension treatment may also be
necessary to reduce stroke mortality differences between
education groups. Such a reduction could have an important
public health impact by diminishing educational disparities in
life expectancy in Europe.
Acknowledgments
This study was funded by a grant (contract QLK6-CT-1999-02161)
from the European Union Fifth Framework Program on Quality of
Life and Management of Living Resources. The Swiss National
Science Foundation (grants 32-5884.98 and 32-63625.00) supported
the construction of the Swiss National Cohort. Dr van Lenthe is
supported by a grant from the Netherlands Organization for Scien-
tific Research (NWO grant 904-66-104). The authors would like to
thank Professor G.A.M. Van den Bos, Dr Hendriek Boshuizen, Dr
Anna Peeters, and Dr Wilma Nusselder for their valuable comments.
References
1. Kunst AE, del Rios M, Groenhof F, Mackenbach JP, for the European
Union Working Group on Socioeconomic Inequalities in Health. Socio-
economic inequalities in stroke mortality among middle-aged men: an
international overview. Stroke. 1998;29:2285–2291.
2. Smith GD, Hart C, Blane D, Hole D. Adverse socioeconomic conditions
in childhood and cause specific adult mortality: prospective observational
study. BMJ. 1998;316:1631–1635.
3. Lostao L, Regidor E, Aiach P, Dominguez V. Social inequalities in
ischaemic heart and cerebrovascular disease mortality in men: Spain and
France, 1980–1982 and 1988–1990. Soc Sci Med. 2001;52:1879–1887.
4. Jakovljevic D, Sarti C, Sivenius J, Torppa J, Mahonen M,
Immonen-Raiha P, Kaarsalo E, Alhainen K, Kuulasmaa K, Tuomilehto J,
et al. Socioeconomic status and ischemic stroke: the FINMONICA Stroke
Register. Stroke. 2001;32:1492–1498.
5. Hart CL, Hole DJ, Smith GD. Influence of socioeconomic circumstances
in early and later life on stroke risk among men in a Scottish cohort study.
Stroke. 2000;31:2093–2097.
6. van Rossum CT, van de Mheen H, Breteler MM, Grobbee DE,
Mackenbach JP. Socioeconomic differences in stroke among Dutch
elderly women: the Rotterdam Study. Stroke. 1999;30:357–362.
7. Mackenbach JP, Kunst AE, Groenhof F, Borgan JK, Costa G, Faggiano
F, Jozan P, Leinsalu M, Martikainen P, Rychtarikova J, Valkonen T.
Socioeconomic inequalities in mortality among women and among men:
an international study. Am J Public Health. 1999;89:1800–1806.
8. Peltonen M, Rosen M, Lundberg V, Asplund K. Social patterning of
myocardial infarction and stroke in Sweden: incidence and survival. Am J
Epidemiol. 2000;151:283–292.
9. van Doorslaer E, Koolman X, Puffer F. Equity in the use of physician
visits in OECD Countries: has equal treatment for equal need been
achieved? In: OECD, ed. Measuring Up: Improving Health Systems
Performance in OECD Countries. Paris, France; 2002:225–248.
10. van Doorslaer E, Wagstaff A, van der Burg H, Christiansen T, De Graeve
D, Duchesne I, Gerdtham UG, Gerfin M, Geurts J, Gross L, et al. Equity
in the delivery of health care in Europe and the US. J Health Econ.
2000;19:553–583.
11. Colhoun HM, Hemingway H, Poulter NR. Socio-economic status and
blood pressure: an overview analysis. J Hum Hypertens. 1998;12:91–110.
12. Cavelaars AE, Kunst AE, Geurts JJ, Crialesi R, Grotvedt L, Helmert U,
Lahelma E, Lundberg O, Matheson J, Mielck A, et al. Educational
differences in smoking: international comparison. BMJ. 2000;320:
1102–1107.
13. Cavelaars A, Kunst A, Mackenbach JP. Socio-economic differences in
risk factors for morbidity and mortality in the European Community: an
international comparison. J Health Psychol. 1997;2:353–372.
14. Daly MC, Duncan GJ, McDonough P, Williams DR. Optimal indicators
of socioeconomic status for health research. Am J Public Health. 2002;
92:1151–1157.
15. Valkonen T. Problems in the measurement and international comparisons
of socio-economic differences in mortality. Soc Sci Med. 1993;36:
409–418.
16. Eurostat. Demographic Statistics 1997. Luxembourg, Luxembourg:
Office for Official Publications of the European Communities, Eurostat;
1997.
17. Kunst AE. Cross-National Comparisons of Socio-economic Differences
in Mortality [dissertation]. Rotterdam, Netherlands: Erasmus University;
1997.
18. Wolf-Maier K, Cooper RS, Banegas JR, Giampaoli S, Hense HW, Joffres
M, Kastarinen M, Poulter N, Primatesta P, Rodriguez-Artalejo F, et al.
Hypertension prevalence and blood pressure levels in 6 European
countries, Canada, and the United States. JAMA. 2003;289:2363–2369.
19. Vescio MF, Smith GD, Giampaoli S. Socio-economic position and car-
diovascular risk factors in an Italian rural population. Eur J Epidemiol.
2001;17:449–459.
20. de Gaudemaris R, Lang T, Chatellier G, Larabi L, Lauwers-Cances V,
Maitre A, Diene E. Socioeconomic inequalities in hypertension prev-
alence and care: the IHPAF Study. Hypertension. 2002;39:1119–1125.
21. Roos E, Lahelma E, Virtanen M, Prattala R, Pietinen P. Gender, socio-
economic status and family status as determinants of food behaviour. Soc
Sci Med. 1998;46:1519–1529.
22. Osler M. Social class and health behaviour in Danish adults: a longi-
tudinal study. Public Health. 1993;107:251–260.
23. Stronegger WJ, Freidl W, Rasky E. Health behaviour and risk behaviour:
socioeconomic differences in an Austrian rural county. Soc Sci Med.
1997;44:423–426.
24. Bucher H, Gutzwiller F. Gesundheitsverhalten und soziale Ungleichheit
in der Schweizer Bevolkerung: Ergebnisse aus der SOMIPOPS-Studie.
Schweiz Med Wochenschr. 1987;117:1583–1590.
25. Beer-Borst S, Morabia A, Hercberg S, Vitek O, Bernstein MS, Galan P,
Galasso R, Giampaoli S, Houterman S, McCrum E, et al. Obesity and
other health determinants across Europe: the EURALIM Project. J Epi-
demiol Community Health. 2000;54:424–430.
26. Hart CL, Hole DJ, Smith GD. The contribution of risk factors to stroke
differentials, by socioeconomic position in adulthood: the Renfrew/
Paisley Study. Am J Public Health. 2000;90:1788–1791.
27. Martelin T. Mortality by indicators of socioeconomic status among the
Finnish elderly. Soc Sci Med. 1994;38:1257–1278.
Avendaño et al Educational Level and Stroke Mortality 437
 at UNIVERSITAETSSPITAL on June 17, 2009 stroke.ahajournals.orgDownloaded from 
